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Detailed Report 
(Name of invention) 

non-contact temperature measuring method for a tunnel furnace 

Abstract 
(Object) 

This invention offers a non-contact temperature measuring method for a tunnel 
furnace which measures temperature or temperature distribution accurately by detecting 
the temperature condition of a sintered product which moves inside the furnace as 
brightness and a thermal picture image. 

(Constitution) 

Black body treatment is administered to the side walls of a case 4 which transports 
the sintered product 3. Brightness is detected by a CCD camera 6 through a slit 5 formed 
in the furnace wall 1 of the tunnel furnace which is equivalent to the side walls of this 
case 4. The temperature of the sintered product is measured by correcting and removing 
the influence of reflected light inside the furnace and transforming this information into a 
temperature value. The oblong temperature picture image acquired from the slit is 
synthesized in accordance with the speed of the case, and it appears on the ITV monitor 
as the total image of the sintered product. Accordingly, the temperature distribution of 
the sintered product is measured. 




Sphere of patent request 
(Claim 1) 

Claim 1 is concerning a non-contact method of measuring the temperature in a 
tunnel furnace which has the following steps: Black body treatment is administered to the 
side walls of the case which transports sintered product. Brightness is detected by a CCD 
camera through a slit formed in the wall of the tunnel furnace which is equivalent to the 
side walls of this case. The temperature of the sintered product is measured by correcting 
and removing the influence of reflected light inside the furnace and transforming this 
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information to a temperature value. The oblong image of the temperature acquired 
through the slit is synthesized in accordance with the speed of the case, and it appears on 
the ITV monitor as the total image of the sintered product. Accordingly, the temperature 
distribution of the sintered product is measured. 

Detailed explanation of invention 
[0001] 

(Field of industrial use) 

This invention is concerning a non-contact method of measuring temperature in a 
tunnel furnace which determines temperature or temperature distribution accurately by 
detecting the temperature of a sintered product which moves inside the furnace as 
brightness and a thermal picture image. 
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[0002] 
(Prior art) 

Sintering in a tunnel furnace is normally done as follows. That is, product to be 
sintered is placed on a plate for sintering which is called a case, and this case is heated as 
it is gradually transported through a tunnel furnace in a laminated condition. Each tunnel 
furnace has temperature gradients from the entrance to the exit. The quality of the 
sintered product largely depends on how closely the process follows the designed heating 
program. In addition, temperature differences between the upper portion and lower 
portion of the case are prone to occur. The quality of sintered products is not stable. 
[0003] In order to control these factors, it is necessary to adjust both the transport speed 
inside the furnace and the temperature appropriately. However, as sintered product 
moves inside the long, sealed tunnel furnace, its temperature cannot be measured directly. 
In the past, the heating pattern was determined by experience based on the temperature of 
a thermocouple inserted in the furnace wall and the temperature of the sintered product 
after it is taken out from the furnace. However, recent applications for furnace sintering 
of precise parts such as semiconductor substrates requires a more accurate method in 
order to acquire reliability and stable sintering. 

[0004] Non-contact methods of measuring temperature inside the furnace in place of the 
above method include methods which use radiation temperature or CCD cameras. 
However, it is not possible to expect temperature measuring with accuracy without , v 
addition al considerations. \; ; 

v oa5] .... • -. 

(ProhJe 7-<s thitf !his invention tries to solve) = . - j^fe- ; 

* i his invention has been developed considering the current situation. The object ] ') , 
jf this Vv -cation is to offer a non-contact temperature measuring method for a tunnel .. iq r 
frireac' which measures temperature or temperature distribution with accuracy. The . . &\\ »..■ . 
rexnpe Arc of the sintered product moving through the furnace is measured through a . ; at' . 
slit. b; ghtness of a thermo picture image is related to the temperature. Accordingly; 
reliabi;;* y of the temperature control of the furnace can be improved. . ■ : . « liy. i 

(>teps ff«r solution) (Si ; fo; 

order to attain the above object, the non-contact temperature measuring method It? 
for .i r-vv.ol furnace in this invention has the following steps: Black body treatment is >, uinm ' 
r-Klrnm- ; . ; ;1 to the side walls of the case which transports the sintered product. ■ . -stc-rei. 

Bright r „s detected by a CCD camera through a slit in the furnace wall which is ->/ neoc ■ 
equiv^/.i lo the side wall of the case. The temperature of sintered product is measured, ilem u 
■"by-oorres-ii^g and removing the influence of reflected lights inside the furnace and • .- .-^ritu 
tr^osiCftSitr. §-(he brightness to a temperature value. The oblong temperature picture . f . f „<n - .irife 
it. age ' .^"iued from the slit is synthesized based on the speed of the case, and it appears. acqt;r 
on the- monitor as the total image of the sintered product. Accordingly, the v . -v fi*V »■ 
tempe • -u;re distribution of the sintered product is measured. .. . :reX\u 
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(Function) 

In the non-contact temperature measuring method for a tunnel furnace in this 
invention, the influence of reflected light is removed by the brightness of the case for 
transporting the object using a CCD camera, and it is converted into the temperature of 
the sintered object. At the same time, the thermo picture image acquired in pieces is 
synthesized and is characterized to the point which determines the temperature 
distribution. In general, in order to know the conditions inside the furnace, it is necessary 
to look through a hole as small as possible to avoid changing the temperature. However, 
when sintering temperature is high, since radiation is strong, it is almost impossible to 
look inside using the naked eye. According to this invention, a CCD camera is arranged 
at the external surface of a narrow slit in the wall of the furnace, and the brightness of the 
moving case and thermo picture image can be recorded continuously by this CCD 
camera. 

[0008] Measurement of the temperature of the sintered product is performed by 
correcting for reflected light based on temperature data acquired from the CCD brightness 
of a biack-body which has been formed beforehand on the side wall of the case. The 
shape of the sintered object or temperature distribution is measured by synthesizing the 
thermo picture image acquired through slits in accordance with transportation speed so 
that it shows the whole image. The whole image can be displayed in color by ITV ? it can 
be made to look like direct observation by removing the image of the external furnace 
wall. , J 

[0009] Therefor e, by arranging the temperature measurement device of this invention in : 
multiple spots along the length of the tunnel furnace, accurate temperature measuremeut , 
of the sintered product becomes possible. Not only that, it is also possible to produce a 
heat pattern inside the furnace with high reliability from the acquired temperature dp la. 

[0010] 

(Example of practice) 

In the following, this invention is going to be explained in detail based on the 
example -of practice shown in the figures. ' 

[001 1] Figure 1 is a section which shows the non~contact temperature measuring mbthod 
for a tunnel furnace of this invention. In the figure, 1 is the furnace wall; 2 is a heater 
placed at the upper and lower positions inside the furnace; 4 is a two-part layered case : 
where object of sintering 3 is placed and transported inside the furnace; 5 is a slit which is 
Jbmied on the wall of the tunnel furnace which is equivalent to the side wall of the case 4; 
o is a CCD camera set outside the slit 5 through a light-reducing filter 7. The memory of 
&e picture image device connected to the CCD camera 6 records the brightness- : 
temperature information. This information is transformed into corresponding black body 
furnace temperature and CCD brightness data from reflected light is combined. 
[0012] The following formula (1) describes the heating conditions shown in figure 1 at . 
one spc* op the case. . 
?(T) - sP (Ts) + (1-s) ? (Tw) (1) 

in the formula, P(T) is the radiation energy of a black body at TK; s is the emissivity of 
the case; T is the temperature of the case (apparent temperature); Ts is the true 
temperature of the case: 'fw is the temperature measurement due to outside light. 
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[0013] The CCD camera 6 can measure the black body temperature accurately. However, 
since the object of sintering not a black body, it is influenced by reflected light. This 
external light includes direct light from the heater as shown by the arrow in figure 1 , light 
reflected from the walls, and light reflected from parts of the case other than the 
measurement point (the biggest factor), etc. However, as stated above, the temperature of 
the black body can be determined accurately by the CCD brightness. If an area to be 
measured is made into a black body, the temperature can be measured by measuring the 
brightness. In this invention, temperature data is corrected to remove the influence of 
other light. 

[0014] That is, as shown in figure 2, the side wall (hatched part containing point A) of the 
case 4. This black body process is done by, for instance, applying a coating that forms 
silicon carbide beforehand. The emissivity of silicon carbide is 0.8 to 0.9. It is not a 
perfect black body. However, the error introduced by approximating it as a perfect black 
body is acceptable, this causes no problems. In the operation, the case 4 moves (left) 
inside the furnace at slow speed. In this process, the CCD camera detects the brightness 
of the wall W between the case, the black body point A of the case wall, the side wall B, 
C other than the black body point in order. At the black body point A, an accurate 
temperature can be acquired from the brightness. However, at point B, C where black 
body treatment was not applied, the brightness data will include various stray light, 
[001 5], In formula (I) above, when the brightness data of each point W, A, B are adopted 
each as T W, TA, and TB, the emissivity (s) of the case can be found from the following /jjt 
formula (2). V 

'.* * . ■ • * 

t;.-?(TB)-=P(TW)/P(TA)--P(TW) — — (2)- . % 

z above is regarded as ail the stray light from point W, and it is emissivity when A and B f 

are regarded as the same point. When this value is set as the effective emissivity of an / 

identical cj&se and the brightness of any selected point C as TC, its temperature TCS can s 

be detemiined from the following formula (3). • ^ 

3 - P<TC) - (1- s ) P (TW) / f, . (3) 

[0016] When the case 4 passes, the calculation is initialized. When the next case is - 
transported, the calculation is repeated. Accordingly, as a result of repeatedly amending 
the calculation each time, it is possible to correct for the influence of the outside light 
which accompanies transportation speed or changes in the heater settings. 
[0017] The temperature picture image recorded by the CCD camera 6 is a strip along- the 
slit width. By reconstructing the picture image in accordance with the speed of the case 
4, the entire image of the sintered product can be displayed on the ITV monitor. Figure .3- 
shows how the picture image of the case is synthesized. First, the side wall of the case 4 ^ . 
which is transported inside the tunnel furnace 8 is shown in the CCD camera, and a first 
picture image 9 which is equivalent to the slit width is acquired. The range of the picture 
image in this case is narrower than the full slit width in order to avoid edge effects. . .. . 
When the picture image from the next slit completely appears, it is taken in. Accordingly, 
by adding each picture image, the whole image of the sintered product can be displayed 
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on the ITV monitor. By repeating this process, conditions inside the furnace can be 
displayed outside the system. Therefore, the shape of the sintered product and its 
temperature distribution can be checked continuously. 

[0018] Radiation from each point is transformed to voltage by the CCD camera. After 
this data is taken in by the picture image device, it is turned into an 8-bit digital value. 
Then it is transformed into temperature data by a brightness - temperature transformation 
formula. This calculation is done at each point of W, A, B in figure 2 in the following 
order. 

1 . When the wall is at the measurement position, the brightness of the one point is 
taken, and the temperature at point W is acquired. The amount of stray light at 
this point is determined beforehand by experimentation. 

2. The case is transported, and its temperature is calculated at point A. 

3. When it reaches point B, its temperature is calculated. At this point, the 
temperature of each point of W, A, B can be acquired. These temperature data are 
substituted in formula (2), and the emissivity (e) of the case is acquired. 

[0019} 4. Measurement is done as follows. Among the data acquired from 1 to 3 above, . 
P (Tw) and s are valid for an identical case, so they are regarded as constant. 
x Accordingly, formula (3) is transformed to the following formula (4). 

P (Tcs) - .r[P (Tc)-J (4) 

After pom- 3, the apparent temperature of point C on the right side and each point arc : 
taken at assigned intervals and substituted in formula (4) to determine the corrected .. 
temperature. This temperature data is sent from the picture image device to a computer* . 
and it is plotted as a time - temperature curve or a camera position - temperature curve. 
Li ths'.Iatter case, discrepancies with the heating pattern are available simultaneously, and 
■-'vs&tcrs'snd transport speed are adjusted; v 
5 . Afcsr the whole case passes and only the wall is seen, the process returns to step 1 . 

Since the time between 1 and 3 cannot be measured, temperature data at step 1 

will be displayed. 

[0CC0] Figure 4 shows a continuous operation performed in a tunnel furnace using this V 
invention. The side wall of the tunnel furnace 8has multiple slits. A CCD camera 6 is set 
in front of each slit. Each CCD camera is connected to a picture image processing device 
10 \Viich is connected to an ITV monitor 1 1 and a computer (CRT). In operation, picture 
image jaicixnatioa from the image processing device 10 is synthesized and displayed on . 
the ITV ^nitor 1 1 . Brightness data is transformed to temperature. At the same time, : 
signals §*on>. the picture image processing device 10 enters the controller for the heater 
.control 1-vand transportation control 14, and processing conditions inside the furnace are : 
adjusted. Shis system can be set up to emit an alarm if processing conditions are 
abnormal, operator can check for sintering failure or examine the heat pattern. 
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[0021] 

(Effects of this invention) 

As stated above, the temperature inside a tunnel furnace can be detected with 
accuracy by a non-contact method which measures the brightness of the moving case 
inside the furnace through a slit using a CCD camera. Reliability of furnace operation 
can be improved remarkably. A detailed temperature distribution of the sintered object 
can be visually replayed by a thermo picture image display. Abnormalities can be found 
immediately. Accordingly, this invention is extremely useful for sintering precise parts in 
a tunnel furnace. 

(Simple explanation of figures) 

Figure 1 : Section which shows non-contact temperature measurement in a tunnel furnace 
of this invention. 

Figure 2: Cross-section of the case where black body processing has been administered. 
Figure 3: Model which shows synthesizing of the case picture image. 
Figure 4: Continuous operation in a tunnel furnace using this invention. 

(Explanation of symbols) 
1: furnace wall 
2: heater 

3 : obj ect o f s interin g 
4: case 
5: slit 

6: CCD camera 
7: light-reducing filter 
3: tunnel furnace 
9: picture image 

10: picture image processing device 
1 1 : ITV monitor 
12: computer 
13: Ueater control 
14: transport control 
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